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THE VALIDATION OF A SYNTHETIC SYLLABLE COUNT

APPROPRIATE FOR COMPUTER-DETERMINED READABILITY ESTIMATES

Carol J. Hopkins and Alden J. Moe

Purdue University

A paper presented at the annual convention of the International Reading
Association, New York City, May 15, 1975.

The word readability has been used to refer to characteristics
of reading materials which help .determine how easily a passage can be |
understood, how fluently it can be read, and how much interest it

generates for the reader. Factors typically considered in determin-

ing readability are used in various ways in readability formulas
which results in some grade level designation being given to the pas-
sage examined. The factors examined in readability calculations in-
clude a measure of syntactic complexity and a measure of vocabulary g
difficulty. Syntactic complexity is usually determined by examining

sentence length and vocabulary difficulty is determined by noting

the presence of hard word as defined by some list (the Dale lists,

for example) or by a syllable count.




Hopkins/Moe - Page 2

The Lorge (1944), Dale and Chall (1948) and Spache (1953) reada-
bility formulas use two word lists compiled by Dale to determine the
percentage of "hard words" in a sample and the Fecently developed Harris-
Jacobson Primary Readability Formulas (1973) are also based on the per-
centage of words included on graded word liéts. |

The Flesch Reading FEase Formula (1948), the Gunning '"Fog Index'
(1952), the Fry Readability Formula (1968), and McGlaughlin's 'Smog
Grading' formula require finding the number of syllables contained in
the passage for which the readability is being calculated.

More than 50 readability formulas have been developed to investi-
gate the level or difficulty of various written language samples (Harris,
1974) and reviews by Chall (1958), Klare (1963), Seels and Dale (1971),
Gilliland (1972), and Harris (1974) provided information on the values,
limitations, and uses of the various formulas.

Unfo?tunately, the application of these formulas is often tedious
and time-consuming. However, the availability of computer technology
has now made it possible to analyze large amounts of language. Through
computer analysis of text it is easy to obtain the following information:

1. the total number of running words in the text

2. the total number of different words

3. an alphabetical listing of all words used

4. a sorted listing of all words used based on frequency of use

5. a percentage of use figure for each word

6. average word length and standard deviation

7. number of words of one letter, two letters, etc.
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8. total number of sentences

9. average sentence length and standard deviation

10. number of sentences of one word, two words, etc.

It is difficult however, to develop a computer program which will
accurately identify the number of syllables in words because of problems
encountered in defining syllables objectively.

Fang (1968) reported the difficulty in developing a computer program
using existing rules of syllabication. Coke and Rothkopf (1970) developed
three computer algorithms for estimating the average number of syllables
per word in text from letter counts of vowels per word, consonants per
word, and letters per word. Readability scores based on acﬁual syllable
counts and the computer—estimatéd syllable counts yielded a correlation
of .92 for vowels, .78 for consonants and .88 for letters. Their study,
however, was based on only 28 one-hundred-word samples.

Felsenthal, Shamo, and Bittner (1971) concluded that the number of
letters per syllable could be accurately estimated by dividing the number
of letters in the text by the constant 3.1127. This constant enabled
them to use a computer to determine a syllable count. In their analysis
of 40 language samples, correlations were computed for an actual syllable
count with both a letter count and vowel count. The use of the constant
3.1127 characters per syllable to determine syllables with the computer,
correlated .98 with the actual syllable count.

Use of the 3.1127 constant is also reported in studies to assess the
readability of language samples (Felsenthal and Felsenthal, 1972), to
measure the readability of selected social studies texts (Felsenthal,

1973), and the readability of Newbery award books (Moe and Arnold, 1973).




Hopkins/Moe -~ Page 4

Other than the original calculations conducted to determine the 3.1127

constant, however, no further validation has been done.

Purpose

The purpose of this study was to investigate letters-per-syllable
constants as predictors of true syllable counts for basal readers and
trade books at five instructional levels.

The identification of aTNew constant® or the validation of the 3.1127
constant will permit quick comp;ter analysis of language samples and sub-
sequent calculations of readability estimates for all formulas which require

a syllable count.

Methods
The concept of readability is based on the premise that there are
differences in the difficulty levels of language. Therefore, for the
purpose of this study, basal readers and trade books were selected to
reflect increasing language complexity. ,
Five instructional levels were identified; they were:
1. primary (grades one through three)
2. intermediate (grades four through six)
3. junior high (grades seven through nine)
4. senior high (grades ten through twelve)
5. college (designated as grades thirteen through fifteen
for the purposes of this study).
Five basal readers and five trade books were selected for each grade
at every instructional level, resulting in ten first-grade books, ten
second-grade books, etc. Therefore, a total of 150 books were used in

this study.
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The basal readers sélected for use for all grades at the primary and

intermediate levels were the most recent editions of the Ginnj; Harper &

Row; Holt, Rinehart and Winston; Houghton Mifflin; and Lyons and Carnahan

basal reading series.

Because there are generally no basal readers as such at the junior

high and high school levels, the investigators selected the most recent

editions of literature textbooks for those levels published by Ginn;

Houghton Mifflin; Holt, Rinehart and Winston; McGraw-Hill; and Scott

Foresman.

Textbooks commonly used in introductory and advanced college English

courses comprised the basal. reader component for the college level.

Trade books used in this study were also chosen to reflect in-

creasing language complexity. The books chosen were recommended in

the following sources:

Adventuring with Books (Root, 1973)

Books and the Teen-Age Reader (Carlsen, 1971)

Books for Elementary School Libraries (Hodges, 1969)
Children and Books (Arbuthnot and Sutherland, 1972)
Children's Catalog (Fidgll, 1971 and supplements)
Children's Literature in the Elementary School (Huck and
Kuhn, 1968)

Elementary School Library Selection (Gaver, 1972)

Good Books for Children (Eakin, 1966)

Junior High School Library Catalog (1965 and supplements)
Literature for Adolescents: Selection and Use (Meade and

Small, 1973)
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A complete listing of the books selected appears in the bibliography
of trade books.

A one hundred word sample from each of the 150 books selected was
keypunched for computer analysis of the text. The samples were taken
from a page near the middle of the book. Each sample began with the
first word in a sentence and ended with the last word in the sentence
in which the 100th word occurred.

A computer program developed at Purdue University performed all
calculations described earlier in this paper (p. 2). Pertinent to the
analyses to be performed in this study were average word length, and the
total number of running words in the text. The total number of syllables
in each sample was determined by an actual syllable count. These re-
sults were recorded for synthetic letter-per-syllable calculations to
be performed later in the study.

New letters-per-syllable constants were calculated to determine the
best predictor of true syllable counts for basal readers and trade books.
Using the formula:

New

Constant (sum of the average word length) (sum of the total words)

(sum of the actual syllables) (number of books at level)

A new constant was calculated for:
1. primary level basal readers and trade books (N = 30)

2. intermediate level basal and trade books (N = 30)

3. junior high level basal and trade books (N = 30)

30)

4. senior high level basal and trade books (N
5. college level (N=30)

6. All primary through college level basal readers (N = 75)

7. All primary through college trade books (N = 75)

8. All primary through college basai readers and trade books (N = 150)

it

.
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In addition to the constants listed in Table I, the constant 3.1127
was included for purposes of validation. The investigators also chose
to include 3.0000 as a constant, reasoning that this was an easier value

to manipulate in calculations.

Table I about here

To determine which of these new letters—-per-syllable constants was
the best predictor of actual syllable counts, a stepwise regression was

performed for each level.

Results

Results obtained from stepwise multiple regressions performed for
all levels listed above indicated the best predictors for each grade
level. The amount of variance accounted for by each of the predictor
variables using the various constants accounted for from 73% (R2 = ,72843)

- to 90% (R2 = ,89715) of the variance.

The amount of variance accounted for by the best predictors for
each level was compared to the amount of variance accounted for by the
3.1127 Felsenthal, Shamo and Bittner constant and the 3.0000 constant
included by the investigators. Results of the regression analyses

appear in Table II.

Table II about here

These comparisons indicate that the difference in amount of variance
accounted for the best predictor of each level, by 3.1127, and by 3.0000

predictor of the number iof letters—per-syllable. The following formula

™

O
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may be used to determine synthetic syllable count.

Number of

Syllables = (average word length) (total number of running words)
Per Passage (constant used)
Conclusions

Because the amount of variance accounted for by each of the predictor
variables was substantial, one can accept the notion that a constant
used to predict the actual number of syllables through the use of computer
programming has been demonstrated.

It has been determined that the constant 3.0000 is as accurate a
constant for use in calculating the number of letters per syllable as
the 3.1127 constant proposed by previous researchers or any of the grade
level predictors determined for this study. Regardless of which of
these constants one chooses to use, it is possible to apply the constant
in a formula to calculate the number of syllables per language sample which
may be used for subsequent calculations of readability requiring a syllable
count.

Computer programs can be developed which will use this constant to
generate readability levels which can be printed directly on the printout.
Readability can be determined merely by keypunching a language sample and
then analyzing the sample by computer programming which will provide a

readability estimate on the printout.

@

h:s\
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Bishop, Claire Huchet & Wiese, Kurt. The Five Chinese Brothers. New
York: Coward-McCann, Inc., 1938, pp. 8-12.

Parish, Peggy. Amelia Bedelia. New York: Harper & Row, 1963; pp. 16-18.

Rey, H. A. Curious George Rides a Bike. Boston: Houghton Mifflin Co.,

1952, pp. 19-23.
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Ungerer, Tomi. Crictor. New York: Scholastic Book Services, 1958,

pp. 1-8.

Grade 4

Cleary, Beverly. Henry Huggins. New York: Scholastic Book Services,

1950, p. 42.

Clymer, Eleanor. My Brother Stevie. New York: Holt, Rinehart and Winston,

1967, p. 18.

Lord, Beman. Mystery Player at Left End. New York: Scholastic Book

Services, 1964, p. 26.

Sobol, Donald J. Encyclopedia Brown. New York: Thomas Nelson, Inc.,

1963, p . 37"38.

White, E. B. Charlotte's Web., New York: Harper & Row, 1952, p. 77.

Grade 5

Burch, Robert. Queenie Peavy. New York: The Viking Press, 1966, p. 78.

Lewis, C. S. The Lion, the Witch and the Wardrobe. New York: Macmillan,

1961, p. 71.
McCloskey, Robert. Homer Price. New York: Scholastic Book Services, 1951,
p. 88.

Norton, Mary. The Borrowers. New York: Harcourt, Brace & World, Inc.,

1952, p. 83.

Wilder, Laura Ingalls. Little House on the Prairie. New York: Harper &

Row, 1935, p. 142.

Grade 6

Armstrong, William H. Sounder. New York: Harper & Row, 1969, pp. 46-47.
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Boston, L. M. A Stranger at Green Knowé. New York: Harcourt, Brace &

World, 1961, p. 82.

Carlson, Natalie Savage. A Brother for the Orphelines. New York: Harper

& Brothers, 1959, pp. 44-45.

Fitzhugh, Louise. Harriet the Spy. New York: Dell Publishing Co., 1964,

p. 126.

Speare, Elizabazth George. The Witch of Blackbird Pond. Boston: Houghton

Mifflin Co., 1958, p. 94.

Grade 7

Byars, Betsy. The Summer of the Swans. New York: Viking Press, 1970, p. 54.

Clark, Ann Nolan. Secret of the Andes. New York: Viking Press, 1952,

p. 70.

L'Engle, Madeleine. A Wrinkle in Time. New York: Farrar, Straus and

Giroux, 1962, p. 96.

Rawlings, Marjorie Kinnan. The Yearling. New York: Charles Scribner's

Sons, 1939, p. 208.

Wojcilechowska, Maia. Shadow of a Bull. New York: Atheneum, 1964, p. 76.

Grade 8

Burnford, Sheila. The Incredible Journmey. Boston: Little, Brown & Co.,

1961, p. 71.

Cleaver, Vera and Bill. Where the Lilies Bloom. Philadelphia: J. B.
Lippincott Co., 1969, p. 80,

Hunt, Irene. Up a Road Slowly. Chicago: Follett Publishing Co., 1966,

p. 100.

Trevino, Elizabeth Borton de. I, Juan de Pareja. New York: Farrar, Straus,

and Giroux, 1965, p. 70.
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Tunis, John R. Silence Over Dunkerque. New York: William Morrow & Co.,

1962, p. 103.

Grade 9
Annixter, Paul. Swiftwater. New York: Hill and Wang, 1950, p. 72.

Keyes, Daniel. Flowers for Algernon. New York: Harcourt Brace & World,

Inc., 1959, p. 146.
Steinbeck, John. The Pearl. New York: Bantam Book, 1945, p. 56.
Tolkien, J. R. R. The Hobbit. New York: Ballantine Books, 1937, p. 122.

Twain, Mark. The Adventures of Huckleberry Finn. New York: Harper &

Brothers, 1951, p. 1l44.

Grade 10

Author Anonymous. Go Ask Alice. Englewood Cliffs, New Jersey: Prentice~

Hall, Inc., 1971, p. 67.

Golding, William. Lord of the Flies. New York: Capricorn Books, 1954,

p. 92.

Hawthorne, Nathaniel. The Scarlett Letter. New York: The New American

Library of World Literature, Inc., 1959, p. 98.
Orwell, George. Animal Farm. New York: Harcourt, Brace & World, Inc.,
1946, p. 64,

Richter, Conrad. The Light in the Forest. New York: Bantam Books, 1953,

p. 48.

Grade 11

Clark, Walter Van Tilburg. The Ox-Bow Incident. New York: The Readers

Club, 1942, p. 136.

Crane, Stephen. The Red Badge of Courage. New York: New American Library,

Inc., 1952, p. 106.
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Hemingway, Ernest. A Farewell to Arms. New York: Charles Scribmer's
Sons, 1929, p. 163.

McCullers, Carson. The Member of the Wedding. Boston: Houghton Mifflin

Co., 1946, p. 85.

Steinbeck, John. Of Mice and Mén. New York: Random House, 1937, p. 98.

Grade 12
Godden, Rumer. The River. New York: Viking Press, 1946, p. 67.

Head, Ann. Mr. & Mrs. Bo Jo Jones. New York: G. P. Putnam's Sons,

1967, p. 132.

Lee, Harper. To Kill a Mockingbird. Philadelphia: J. B. Lippincott

Co., 1960, p. 146.

Salinger, J. D. The Catcher in the Rye. Boston: Little, Brown & Co.,

1951, p. 130,

Wharton, Edith. Ethan Frome. New York: Charles Scribner's Sons, 1939,

p. 89.

Grade 13

Fitzgerald, F. Scott. The Great Gatsby. New York: Charles Scribner's

Sons, 1925, p. 49.

Kasey, Ken. One Flew Over the Cuckoo's Nest. New York: The New American

Library, Inc., 1962, p. 119.

Knebel, Fletcher & Bailey, Charles W., II. Seven Days in May. New York:

Bantam Books, 1962, p. 158.
Skinner,‘B. F. Walden Two. New York: Macmillan Co., 1948, p. 169.

Vonnegut, Kurt, Jr. Cat's Cradle. New York: Dell Paperback, p. 96.
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Grade 14

Faulkner, William. Light in August. New York: Random House, 1950, p. 181.

" Hardy, Thomas. Far from the Madding Crowd. New York: Harper & Brothers,

Publishers, p. 222.
Hegse, Hermann. Steppenwolf. New York: Holt, Rinehart & Winston, Inc.,
1966, p. 100.

James, Henry. The Portrait of a Lady. New York: Random House, 1909,

p. 426,

Rand, Ayn. Atlas Shrugged. New York: Random House, 1957, p. 419.

Grade 15

Dostoevsky, Fyodor, Crime and Punishment. New York: Random House, 1956,

p. 245.

Dreiser, Theodore. An American Tragedy. New York: The New American

Library, 1953, p. 392.

Drury, Allen. Advise and Consent. New York: Doubleday & Co., 1959, p. 348.

Michener, James A. Hawaii. New York: Random House, 1959, p. 538.

Pasternak, Boris. Doctor Zhivago. New York: Pantheon Books, Inc., 1958,

p. 254,
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